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^ N the following pages of this brief work 
^ on Public Service Corporations an ef- 

fort has been made to put before the 
public, in a concise manner, the com- 
mercial engineering principles that imderlie the 
various quasi-municipal companies herein de- 
scribed, ^o that the reader may understand in a 
general way their technical construction and the 
commercial efficiency that has been attained, and 
those interested financially in such properties 
obtain some idea of how cheaply they may be 
operated when properly installed. 
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Municipal ©wnetsbip 

SHE question of municipal ownership of 
public service corporations has in the 
past and still is occup3ang the mind 
of the American public. These agita- 
tions are generally socialistic in their nature, and 
cannot but disturb the financial security of in- 
vestments of such character. Wendell Phillips 
prophesied some time ago that the correct solu- 
tion of the problems of our great cities would test 
our institutions more severely than the struggle 
with human slavery. 

It is of great importance that the principles 
underlying these agitations should be imderstood 
and gravely considered, and if possible relief 
measures adopted that will be reasonably satis- 
factory to both sides, so that the money invested 
in these great institutions may not be a continued 
subject for socialistic attacks, such as have al- 
ready occurred where agitations for mimicipal 
ownership of street railways, three cent fares and 
the like have already taken place. 

It has been argued that the frequency of our 
political elections disturbs the order of progress 
in business, but the frequent elections are very 
beneficial to the country, as the agitations pro- 



duced create discussions which educate the com- 
mon people, and have abready produced as high 
a standard of citizenship as any in the world. 
Agitations regarding municipal ownership are 
created sometimes through well meaning igno- 
rance» sometimes through greed of corporations 
and at other times through political motives. It 
has been stated that the street railway three cent 
fare agitations of Detroit, recently declared un- 
constitutional, accomplished its purpose in mak- 
ing a mayor of a city the Governor of the State. 

Probably no country in the world has had 
as much experience with municipal ownership as 
England, and yet the recent report of the Royal 
Statistical Society shows that this learned body, 
after having taken the trouble to go into the sub- 
ject with great care, makes a report that is a very 
emphatic argument against municipal ownership. 
The report sets forth that as a result of municipal 
ownership the public debt has been increased 
over $450,000,000, by public funds being invested 
in public service corporations, the income from 
which, after paying the interest on the debt, is 
only about one-half of i per cent, to the munici- 
pality. 

Hmcrican Citisensbip 

The American people have been so success- 
ful in their undertakings that they think they 
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can do a little better than the rest of the Anglo- 
Saxon race; but the iranchise. of American citi- 
zenship makes the operation of public service 
corporations by miuiicipal ownership practically 
an impossibility. The State confers upon mu- 
nicipalities certain rights and powers for the im- 
provement of the town, such as la3ang out streets, 
parks,^ sewers, et|:. The city is a corporation, in 
which the taxpayers are the stockholders, and 
the election of officers in this corporation is ef- 
fected by the voters. In this country, however, 
the voter does not have to be a taxpayer. Were 
all voters taxpayers, then the business of the 
city would be conducted for the good of the tax- 
payers and not for the benefit of politicians. The 
proportion of taxpayers to voters is shown by 
the statistics of the city of Boston for 1900. With 
a population of 560,892, the total number of peo- 
ple entitled to vote was 148,747. Total number 
of resident taxpayers, including women, 42,127. 
Total percentage of voters who are taxpayers, 
28.3 per cent. 

Control of Elections 

The control of the elections is, therefore, out 
of the hands of the taxpayers, and this condition 
has created the political " boss," who endeavors 
to control this majority vote through the patron- 
age he controls, and the results show that usually 
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public inspectors are politicians out of a job» while 
corporations to be successful must be run by men 
of brains and not men with ** pvdV* 

It is probably on account of this patronage 
that the municipal ownership of street railways 
is agitated more than any other form of public 
service corporation, as street railways employ 
more men in the conduct of their business, and 
the various agitations that have occurred have 
led financiers generally to the conclusion that it 
is not out of place to say: ''It is either a case of 
municipal ownership OF street railways or mu- 
nicipal ownership BY street railways." 

per Capita fiipenees 

The control of elections and the consequent 
control of city affairs by persons who are not 
taxpayers leads to very extravagant administra- 
tion. A comparison of the annual expenses per 
capita of various cities in this country and abroad 
is given below and shows the annual expendi- 
tures of American cities to be nearly double that 
of foreign cities. 

Annual Expenses Annual Expenses 

Per Capita. Per Capita. 

London |12.98 Kew York |88.64 

Olasffow 11.64 Boston 48.97 

Birminffham .... 16.86 Pittsburgh .... 19.68 

Berlin 18.81 Ohioago 19.66 

Philadelphia ... 88.67 



4) 69.14 
Average |14,78 



6) 140.27 
Average .... |88,06 



IRcsulte ©btaincb 

Let us consider briefly the results that have 
been obtained through municipal ownership 
abroad and private ownership in America. The 
American franchise is generally considered lib- 
eral compared to any form of franchise granted 
abroad, but the results that have accrued to the 
American people through such encouragement of 
capital have had much to do with the advancement 
of America to the place she now occupies. Street 
railways in America have been extended into the 
suburbs of cities, where the laboring man can 
secure a home for himself with sunshine, grounds, 
light and pure air surrounding the same, the an- 
nual rental of which amounts to only about 
eighty-five days' pay, while in Berlin the annual 
rental of two rooms in a crowded tenement 
amounts to 125 days' pay. In Berlin the death 
rate is 163 1-2 per thousand, one-half of the total 
number of deaths occurring among the occupants 
of one room tenements. Berlin, with a popula- 
tion of nearly one and a half million, averages 
seventy-five people living in each house, and 
there is only one family in every 600 that has a 
house of its own like the American laborer. 

Glasgow, with a population of about 800,000, 
has 47 1-2 per cent, of its entire population living 
in tenement apartments of one and two rooms. 
The extreme riding distance on the street cars is 
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about 3 1-2 miles for a 4 cent fare; 80 per cent, 
of the riders ride less than one mile. The nimi- 
ber of people living on each acre of ground in the 
following cities is g^ven below: 



Olatgow 67 people per acre. 

Berlin 102 '* " " 

Paris 180 " " " 

Jn Americar— 

Ohicago 14.6 " " " 

Philadelphia 12.7 '* ** ** 

Buffalo 18.4 " " ** 

Boston 12.0 " •* •• 



Hmerican IRapib Xtraneit 

The rapid transit facilities of America, with 
the uniform low rate of fare, have brought about 
this condition, and have enabled the common peo- 
ple to live in a sanitary condition and in an in- 
dependent way, which is the secret of the great 
advance America has made during the closing 
years of the last century. Statistics show that the 
rate of fare charged in this country per mile, tak- 
ing the average length of ride of passengers in 
this country and the passengers abroad, is about 
the same, i. e., between i and i 1-4 cents per car 
mile per passenger. Glasgow charges a 4 cent 
fare for about 3 1-2 miles, while Berlin charges a 
10 cent fare for a shorter ride than can be secured 
in any city in the United States for a nickel. No 
foreign city, except Paris, up to 1897 gave 
transfers, while in this country, on account of 
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transfer privileges, a passenger can ride for hours, 
and in many of the larger cities, like Boston, for 
example, can ride ii miles in one direction for 5 
cents. The policy of the American street rail- 
road being to continually extend its lines a little 
beyond the advance of the population, giving 
everyone a chance to secure a home in the coun- 
try at a low figure. The following illustration 
will serve further to show the crowded condition 
in which people abroad live, by giving the popu- 
lation per mile of track in American cities and 
foreign cities of about the same size : 

Chioago 2.867) Population (Berlin 12,000 

Boston and suburb!.. 2,700 > about the -< Olaagow 11,M)0 

St. Louis 1,920) same as (Liverpool 10,000 

The United Kingdom shows a population 
averaging per mile of track 21,700, against an 
average population in the State of Massachusetts 
of 2,560 persons per mile of track, Massachusetts 
having only about one-twentieth the total popu- 
lation of the United Kingdom and having half 
again as many miles of track. 

This condition of affairs has been brought 
about by an enormous expenditure of American 
capital that has been unhampered by political 
management and has not been delayed by the 
red tape of municipal action. There is probably 
invested in American street railways to-day over 
$2,000,000,000, and the amount of capital invested 
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in street railways per capita in 1897 ^"^s as fol- 
lows: 



Glasgow 18.48 

Berlin 5.S5 

Boston, Mass 8S.7S 



Glasgow, at that time, had invested in cars 
about $250,000, while Boston had invested in cars 
$5,510,544, the annual interest charges on which 
exceeded the total capital invested in cars in 
Glasgow. 

Zaxcs 

The town crier of Municipal Ownership 
heralds the startling statement that the public 
service corporations can be made to pay at 
least half of the total amount of taxes if they 
were only owned and operated by the municipal- 
ity. There are practically two ways in which the 
municipality can acquire these corporations: 
First, by building lines of their own, and, second, 
by purchasing the existing properties. The sec- 
ond plan would have to be adopted in this coun- 
try, as the remarkably rapid development of 
American enterprises that private ownership has 
created leaves little chance for the municipality 
to operate independent plants. Should the mu- 
nicipality desire to piurchase any of the existing 
plants they must pay, in justice and in equity, the 
price that represents the actual cash invested, 
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whether the same be invested in the physical 
property of the plant itself or in the securities 
which have been purchased at market prices by 
the public for investment. The benefits that en- 
terprising capital has given the public of America 
in the rapid development that has occiurred have 
only been accomplished through the loss of many 
millions in cash, occasioned by the rapid im- 
provements made in all kinds of construction 
and machinery, which has required in many cases 
the entire reconstruction of the property as many 
as foiu: times during the last fifteen years; but 
the results produced to the public by such fear- 
less financiering cannot be confiscated, nor can 
the moneys of individuals invested in the seciuri- 
ties of these companies be confiscated without 
bringing about a socialistic revolution. Coming 
back, however, to the question of taxes, we find 
that the city of Boston received in taxes from 
the street railway companies $338,996, which 
was about 28 per cent, more than the net profits of 
the street railways in Glasgow, the pride of Great 
Britain for municipal ownership. All of the 
tramways in Great Britain and Ireland paid into 
the public treasury $671,424, equivalent to 2.5 
per cent, of their gross receipts, while the street 
railways in New York and Massachusetts pay an- 
nually in taxes over $2,500,000 into the public 
treasury, which is equivalent to 4.7 per cent, upon 
their entire gross receipts. 
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The Metropolitan Railroad Company, of 
New York, paid $761,002.00, or 5.3 per cent, of 
its gross receipts, in taxes, while the Third Ave- 
nue line paid $228,876.00, and the Brooklyn 
Rapid Transit paid $696,721.00, or 10.6 per cent, 
and 6 per cent, respectively of their entire gross 
receipts, into the public treasury for taxes dur* 
ing the year ending June 30th, igoo. 

Municipal ownership for the public good has, 
therefore, proved a failiu-e. We even find that 
Brazil operated under municipal ownership the 
Central Railroad, which operated previously as a 
private corporation had paid 9 per cent, dividends 
to its stockholders, but under mimicipal owner- 
ship was made to cost the public, in additional 
taxes, between $200,000 to $300,000 per annum 
to make up the deficit. 

IRemeMee 

It is foolish, however, for capital to expect 
the public to acquaint themselves with the fore- 
going facts. The socialistic tendency of the 
masses in this country would prevent the gen- 
eral belief of such statements, and the finan- 
cier and investor must appreciate that in time 
the only relief they can secure from such at- 
tacks will be through legislation that will be fair 
to the public service corporation and make rea- 
sonable concessions to the demands of the masses. 
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The State of Massachusetts, which seems to have 
been more progressive than any State in the 
Union, has recently passed an act ''Intended to 
settle a number of vexing questions which have 
constantly arisen between the municipal authori- 
ties throughout Massachusetts and the street rail- 
way companies." Briefly this act provides as fol- 
lows : 

First — ^The company must file with the Tax 
Commissioners a complete financial statement for 
each fiscal year. 

Second — ^Whenever the company pays a divi- 
dend in excess of 8 per cent, upon its capital stock 
the company shall, in addition to taxes upon its 
corporate franchise, pay an additional tax equal 
to the amount of such excess of dividend over 8 
per cent., provided, however, that the company 
shall not be liable for this additional tax unless it 
has paid yearly at least 6 per cent, upon its capital 
stock since conmiencing operations. 

Third — ^The companies are taxed on the fol- 
lowing basis: Where the annual gross receipts 
per mile of track operated are $4,000, or less, i 
per cent, of the total receipts. 



More than 91,000 

Lest than.. 7,000 2 % total receipts. 

More than «... 7,000 

Lest than 14,000 2^% " 

More than 14,000 

LeM than 21,000 2^ % " 

More than 21,000 

LeH than 28,000 f^% " 
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$28,000, or more, annual gross receipts per 
mile of track, 3 per cent, of the total receipts. 

Provision is made where disputes arise as 
to the amount of taxes, to settle the same 
by a Board of Arbitration every three years. 
The municipality receiving this money shall use 
it for the construction, repair and maintenance 
of public streets and the removal of snow. The 
street railway companies are not required to keep 
any portion of the surface of the streets, roads or 
bridges in repair, and are not required to do any 
paving. 

This act, together with the existing laws 
regulating capitalization, municipal grants, con- 
struction and operation of public service corpora- 
tions, bringing them under the constant super- 
vision of the various Boards of Commissioners 
in the State of Massachusetts, has resulted in the 
establishment of confidence on the part of finan- 
ciers and the investing public in the securi- 
ties of corporations organized and ope- 
rating under these laws, and they 
rank higher and are in greater 
demand than other seciuri- 
ties of the same nature. 
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street IRailwaijs 

N all the early experiments made in de- 
veloping the electric motor the primary 
battery furnished the current. 

Faraday produced a continuous 
rotary motion of a small needle in 1821, and in 
183 1 discovered that an electric current was gene- 
rated in a wire moving through a magnetic field. 
These experiments formed the basis for the de- 
velopment of the electric motor and d3mamo re- 
spectively. 

In 1835 Thomas Davenport, village black- 
smith, of Brandon, Vt., made an electric motor 
car nm by a primary battery. 

Jacobi, at St. Petersburg, operated a 28 foot 
boat by an electric motor about the same time. 

Robert Davidson, of Aberdeen, Scotland, 
built a primary battery electric locomotive, which 
was nm on the Scotland railways. 

In 1847 Moses G. Farmer exhibited a primary 
battery car in Boston. 

In 1850 C. G. Page, of the Smithsonian In- 
stitute, built a reciprocating electric engine. All 
of these motors used permanent magnets. 

17. 



The modem self -exciting djmamo seems first 
to have been made by Gramme, about 1865, to 
produce electric light; to this machine a careless 
workman attached live wires, and the machine 
immediately began to rotate, acting as a motor; 
this accidental discovery made possible the elec- 
tric road of to-day. 

Simmons & Halske built a commercial elec- 
tric road in 1881 at Lichterfeld, Germany. 

Bentley & Knight built a wooden conduit 
road in Cleveland in 1884, while Daft built an 
electric road, operated by an overhead trolley, 
between Baltimore and Hampton, Md., in 1885. 

(Browtb 

On January ist, 1888, there were 86 miles of 
street railroad in operation, using 172 cars. This 
has grown so that in 1900 there were in opera- 
tion, in the United States and Canada, 21,211 
miles of street railroad, using 65,147 cars, hav- 
ing a combined capital stock of $1,092,315,715, 
and a funded debt of $879,897,211, making the 
total capital liabilities more than 1,972 million 
dollars. Of the above mileage 330 miles are cable, 
370 mires operated by horses, 460 miles miscel- 
laneous and 20,051 miles of electric road; nearly 
all of this mileage is operated by the overhead 
system. 
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Spstcms in TIlsc 

S^lectricity is supplied for the operation of 
electric cars by what is known as the overhead 
system, the third rail system, the conduit system 
and the storage battery system. 

In the overhead system the current goes out 
from the station through a bare trolley wire, and 
returns to the station by means of the rails ; this 
system is popularly known as the trolley system, 
and is the cheapest to construct. 

The Massachusetts Railroad Commissioners' 
report for the year ending September 30th, igoo, 
gives the average cost of the electric roads in that 
State, per mile of track, as follows : 

Constraotion 988,448.00 

Equipment 8,610.00 

Land, buUdingrt, eto 11,684.00 

Total 94k8,689.00 

• In the third rail system the current reaches 
the cars by means of a third rail laid on insu- 
lators fastened to the ties at the side of the track, 
the current returning to the station by means of 
the track rails. This system is adopted for high 
speeds, and on account of its danger can only be 
used on fenced rights of way. 

The conduit system was the earliest form to 
be tried, and it failed through improper mechan- 
ical construction. As used to-day both conduct- 
ors are carried in the conduit, but the great cost 
of construction makes its use prohibitive, except 
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in large cities, the cost per mile of single track 
varying from $50,000 to $80,000, according to con- 
ditions. 

Storage batteries were first used on street 
cars about 1887, but the great weight of the bat- 
teries and their rapid deterioration and limited 
mileage prevented this system from coming into 
general use, and with all the improvements that 
have been made to date, the storage battery is 
not yet practicable for successful commercial use, 
either for street cars or vehicles. 

©peration 

To-day the electric car is operated as a single 
motor car, as a motor car drawing trail cars and 
as a number of motor cars joined together in one 
train, this latter being known as the multiple unit 
system, the use of any of the above combina- 
tions being determined by the conditions of 
travel. 

The motor car drawing trail cars is not prac- 
ticable to use where frequent stops have to be 
made, and where a rapid headway is desirable, 
such as elevated railroad service, nor can it be 
used where steep grades exist. 

In the multiple unit system each car is 
equipped with motors, and connections are made 
between the cars in such a manner that the mo- 
tors may be operated by the master controller on 



the platform of any car at will. This system 
possesses many advantages, as every pair of 
wheels on the train can be used as driving wheels, 
which enable the train to ascend steep grades and 
to get under headway very quickly, making it an 
ideal system for elevated railroad service. 

power Station 

The power required to operate an electric 
road is generated in a central power station and 
distributed by copper feeders to the various parts 
of the system. In the construction of such cen- 
tral power stations many grave errors have been 
committed, statistics for the State of Massa- 
chusetts showing over 500 per cent, variation in 
the cost of power per car mile. 

The motor in use on street cars is made for 
500 volts direct current, and this current cannot 
be economically distributed over a greater dis- 
tance than eight miles from the power station, on 
account of the cost of copper wire and the loss of 
current. Where cars are run greater distances 
storage battery sub-stations are sometimes in- 
stalled, or what is known as a booster is put in 
at the central station; such arrangements are 
makeshifts, however, compared to the advantages 
to be obtained by using alternating current in 
the central station and putting in rotary trans- 
formers at sub-stations, which change the alter- 
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natiiig current into the direct current for the vari- 
ous sections of the road. There are forty com- 
panies in the United States that generate their 
current in this manner, and have an aggregate 
output of 64,840 horse power. 

power Xl5Ci> 

The amount of power used by street cars is 
variable, depending upon the size, load, speed and 
grades. The Quebec road shows an average of 
13 horse power per car in use during the sum- 
mer time and 24 horse power during the winter 
time, the track in the winter time being slippery 
and icy requires more power. 

Most operating records of street railway 
companies have been kept on the car mileage 
basis; this is likely to be changed in the future 
to the car hoiu: basis, as wages are paid by the 
hour, and the variation in speed is so great that 
the car mileage records are only valuable for 
comparison in similar cases. 

The power required to operate street cars 
varies with the difiFerent conditions of service; 
assimiing, however, that the power station is de- 
signed for the greatest economy the kilowatt 
hour should not cost to produce over two-thirds 
of I cent. The cost of power in New York City 
is about I 1-4 cents per car mile. An electric car 
running twelve miles an hour, and averaging five 
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stops to the mile, will consume about i 1-2 kilo- 
watt hours per car mile. The Boston Elevated 
Railroad consumes about 2 kilowatt hours per 
car mile, and the Chicago Elevated Railroad 
about 2 1-2 kilowatt hoiurs per car mile; and 
high speed interurban service, with cars 
equipped with foiu: 75 horse power motors, run- 
ning at fifty miles an hour, and weighing 30 tons 
without passengers, consumes about 3 kilowatt 
hours per car mile on level track, and at the rate 
of 6 kilowatt hours per car mile in starting and on 
3 per cent, grades. Some double truck cars are 
equipped with foiu: motors; this arrangement 
enables high speed to be attained in the country 
and slow speed in cities; it also has the advan- 
tage of getting under headway more rapidly and 
ascending steeper grades, but it is not supposed 
to be quite as economical in the use of power. 
The amount of power required to heat a car by 
electricity varies from 3 1-2 to 10 amperes, ac- 
cording to the weather, averaging about 7 1-2 
amperes. Street railway companies, hiring 
power, should not pay more than 2 cents per kilo- 
watt hour on small roads and i 1-2 cents on roads 
operating fifteen to twenty cars. 

The earnings of street railroads vary consid- 
erably, the range being from $2.50 to $10.00 per 
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capita per annum. The gross earnings per car 
mile are seldom less than i6 cents, and some- 
times as high as 25 cents. Massachusetts is sup- 
posed to have the best riding population, and the 
reports of this State show that the average ratio 
of operating expenses is 65.31 per cent, of the 
gross receipts, the net earnings per mile of track 
are $5,234, the net earnings per car mile are 
8.84 cents and the net earnings per passenger 
1.75 cents, while in ten years the operating ex- 
penses have decreased from 76 per cent, to 65 per 
cent, of the gross earnings. 

Below is given the ratio of operating ex- 
penses to gross receipts in New York city: 



Hones 78.6 % 

Cable 51 % 

Electric 40.6% 



The total cost of operating the street rail- 
road varies according to conditions from g cents 
per car mile to 15 cents per car mile; the average 
should not be over 12 cents per car mile; these 
figures can be better understood from an analysis 
of the railroad at Rochester, N. Y., making 4,853,- 
619 car miles per annum. The first column gives 
the gross expenses, the second column the cost 
per car mile in cents and the third column the 
cost per car per annum, on the basis of each car 
in operation averaging 150 car miles per day. 
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GroM Per Car Per Car 
Expenses. Kile. Cents. Per Anwim. 

OAoe salaries and expenses 118,867.00 .88 $809.00 

Taxes and insurance 48,488.00 .87 478.60 

Accidents 84,000.00 .40 869.60 

Contingent expenses 4,606.00 .09 49.60 

Car service wages 806,868.00 4.84 8,888.00 

Car house expenses 88,197.00 .68 819.00 

Operation power house 61,818.00 1.88 704.00 

Repairs, track 66,466.00 1.14 687.00 

Repairs, overhead 11,661.00 .84 188.00 

Repairs, miscellaneous 1,996.00 .04 88.00 

Removal of snow and ice 8,798.00 .08 44.00 

Repairs to cars 69,898.00 1.48 781.00 

Repairs to power plant 6,886.00 .18 71.60 

Total 9688,187.00 10.98 96,089.00 



fvciQbt 

The transportation of freight is rapidly in- 
creasing, varying from 2 per cent, to 86 per cent, 
of the gross receipts. The handling of freight in 
an extensive manner will require the services of a 
competent man, who can diplomatically main- 
tain freight rates without offending shippers; 
such services are expensive, and this branch of 
the business should not be undertaken without 
mature consideration. Below are given the re- 
sults obtained by some of the leading roads from 
the year igoo: 

Gross Oper. 
Receipts Expenses 
Gross Per Per 

Freight Car XUe. Car XUe. 
Receipts. Cents. Cents. 
United Traction Company, Albany.. 984,646.00 68.6 18.1 

Brooklyn Rapid Transit 89,616.00 18.6 18.8 

Buffalo ft Lockport Street Ry. Co.. 80,610.00 88.4 9.7 
Hewhurgh Street Railway Company. 10,810.00 61.6 18.8 
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abvantagee of Consoli&ation 

The advantages to be obtained by consolidat- 
ing street railway companies are very great, both 
to the public and to the companies, as it enables 
the companies to introduce improved machinery, 
increases traffic, by means of transfers, and en- 
ables the public to travel over a greater territory 
with less inconvenience. Over 1,030 street rail- 
way corporate names have disappeared during 
the last fifteen years. In steam railroading, the 
cost per ton mile has been reduced from 3.08 
cents in 1865 to .72 cent at this time. The con- 
solidation of the street railroads in New York 
city has enabled passengers to ride to any point 
desired for one fare, and in 1900 the transfers 
issued were 179 millions, which meant a saving 
to the public of over eight million dollars in cash. 
The Twenty-third street line in New York is 
leased at a rental of $186,500.00, or 18 per cent, of 
its capital stock, and yet, by the increased travel 
obtained through consolidation and by transfers, 
this line has earned over $300,000.00 net above all 
expenses. The report of the Metropolitan Rail- 
road Company at the time the Third Avenue line 
was acquired gave the earnings, when operated 
alone, of various lines, and the earnings of these 
lines after consolidation, as follows : 

, Gtom Eamingc « 

Alone. Conaolidated. 

Second avenue line |700,028 |1,450,000 

Fourth avenue line 846,919 8,100,000 

Sixth avenue line 718,898 1,000,000 

Eighth avenue line 744,880 1,000,000 
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filcctrolijsie 

The action known as electrolysis, caused by 
electric railway currents entering water pipes, has 
created a great deal of anxiety, not only in the 
minds of street railway officials, but of municipal 
officers as well. This action is liable to occur in all 
forms of construction where the rails are used for 
the return circuit. It causes a rapid eating away of 
the surface of both the rail and the pipe, and the 
formation of pin holes in the same, which, when 
carried far enough, will cause the pipe to leak 
and possibly burst. 

While it is a serious matter, it is not as seri- 
ous as it has been represented to be, and can be 
entirely avoided. The primary cause of the cur- 
rent leaving the rails is an improper connection 
between the ends of the rails for the passage of 
the current around the joint, which causes the 
current to seek an easier path to return to the 
power station. The earth between the rails and 
the water pipe, however, is a non-conductor, and 
unless saturated with moisture or salty solutions 
will prevent the current from reaching the water 
pipe. This action causes the formation of oxide 
of iron on the outside of the pipe, which in itself 
is a non-conductor, so that the more oxide formed 
the less the current entering the pipe. The cur- 
rent traversing through the water pipe does no 
injury, but the same electrolytic action occurs 
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where the current leaves the pipe. These difficul- 
ties, however, can be entirely overcome when the 
ends of the rails are properly joined together with 
connections of sufficient size to carry the current 
around the joint. 

There is a practice among some street rail- 
way officials of connecting the ground return at 
the power station with the water pipe, so as to 
afford the current an easy passage to return di- 
rect to the station, without leaving the pipe after 
it once enters it. Theoretically this is a good 
idea, but in practice it has been foimd that the 
joints in the water pipe do not always form good 
metallic connections, and the ciurent in thus 
seeking an easy path back to the power station 
produces electrolytic action aroimd the joints, 
which causes the pipe to disintegrate very rap- 
idly at these points. 

It is a fact that does not seem to be appre- 
ciated by many street railway managers that the 
expense necessary to properly connect the rails 
together around the joints will so increase the 
efficiency of the transmission system that the 
amount of feed wire necessary to operate the cars 
will be cut down many times the cost of properly 
connecting the rails together, which is not only 
economy in the first cost, but produces economy 
in the operation of the road, saves coal and prac- 
tically eliminates all electrolytic action. 
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street 1?ailwa^ iParlks 

The electric railway had only been in exist- 
ence a few years when it became evident that dur- 
ing the warm months many people rode on the 
open cars simply for pleasure. Many street railway 
companies, observing this, adopted the practice of 
sprinkling their tracks once a day, so as to lay 
the dust as much as possible, and found that the 
cost of sprinkling was more than equalled by the 
increased receipts from pleasure riders. 

To afford these people additional means of 
amusement the more progressive railway com- 
panies provided parks, and this development has 
since grown so that now nearly all of the street 
railway companies have some such place of 
amusement along their line, fitted up at consid- 
erable expense. 

The modem street railway park is usually 
a plot containing from five to fifty acres of 
ground. It is selected in a cool and shady 
spot, with water attractions, where it is possible 
to secure them. These parks usually contain a 
Casino, with restaurant and bar privileges; a 
bandstand, an open air theatre for vaudeville per- 
formances, bathing and boating accommodations, 
merry-go-rounds, shooting galleries, dancing pa- 
vilion, baseball grounds, scenic railways, etc. 
Some of the more progressive have free reading 

29 



libraries, where the daily papers, maga2dnes and 
cheap novels can be perused without charge. 

Statistics show that in many cases the num- 
ber of persons visiting these parks every month 
is equal to the entire population of the city. 

In spite of the large amount of travel these 
parks create, the financial results obtained have 
been unsatisfactory. 

It is exceedingly difficult to secure the ser- 
vices of a man who is a good railway manager, 
hotel keeper, theatrical and midway manager 
combined in one. The best results, financially, 
have been secured by either providing a separate 
corporation for the operation of the park or let- 
ting the ownership of the park remain vested in 
the railway company, which simply keeps the 
grounds in order and furnishes special officers 
for the protection of patrons, leasing the various 
park privileges to men familiar with the different 
lines of business. These leases are usually 
based upon a percentage of the gross receipts, 
with a fixed minimum amount of rental, the ag- 
gregate of which should equal the interest on the 
cost of the park and the expense of maintaining 
the same. The great number of these parks in 
existence to-day has created men and corpora- 
tions who make it a business to provide theatrical 
entertainments, build scenic railways and lease 
accommodations in various street railway parks 
for the exhibition of their various novelties, thus 
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relieving the street railway management of the 
details connected with the amusement of the 
pleasure seeking passengers who patronize the 
electric roads. 

The public will not patronize the Elevated 
Railway, ascending and descending stairs, unless 
the rapid transit facilities offered are better than 
the surface cars in their now greatly improved 
condition. Steam locomotives, making frequent 
stops, cannot attain high enough rates of speed 
to successfully compete with surface cars. Their 
use likewise creates smoke, dust and a rapid de- 
terioration of the structure. 

The multiple unit system of electric traction 
is the form most commonly in use on elevated 
railroads; this system enables the train, when 
starting, to attain full speed very quickly, actual 
tests having shown a speed of over forty miles an 
hour within twenty seconds from the time of 
starting, without discomfort to the passengers. 
This is made possible by using all the wheels as 
driving wheels, which produces great tractive 
effort, while the locomotive can only utilize the 
tractive efforts of its driving wheels to pull the 
train. And it is found by experience that the 
locomotive train in starting more slowly must at- 
tain a higher rate of speed to make up the time 
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lost in starting if the same headway is to be 
maintained. The higher rate of speed required 
of the locomotive consumes about 40 per cent, 
more power than that consumed by the electric 
multiple imit train. Tests on the Southside Ele- 
vated Railroad in Chicago show that the steam 
locomotive costs 2 8-.10 cents per car mile, while 
with the electric service this cost was brought 
down to I 9-10 cents per car mile, a sav- 
ing of 33 per cent, in power alone; the 
average amount of power used 
under these circumstances be- 
ing about 2 1-2 kilowatt 
hours per car mile. 




(Bas plants 




T is only within the last century that the 
world has been properly lighted after 
dark, candles, crude oil lanterns and 
tapers having formerly been used. 
In 1669 Shirley, of England, attributed a 
burning well to exhalations of gas from coal beds. 
In 1726 Dr. Stephen Hale distilled gas from coal. 
In 1787 Lord Dundonald patented a process to 
extract coal tar from coal. In 1798 William Mur- 
dock made gas from coal to light his residence, 
and it became known as ** Smoke Light." In 
1816 Dr. Benjamin Kugler, of Philadelphia, 
lighted the Chestnut Street Theatre with gas, and 
afterward formed the Gas Light Company of 
Baltimore, the first company organized for this 
purpose in America. Then followed one in Bos- 
ton and two in New York city, gas being sold at 
Ten Dollars per thousand cubic feet. 

To-day there is in operation in the United 
States 947 gas companies, having a total capacity 
of 84,947 million cubic feet per annum, the price 
at which gas is sold by them varying from 75 
cents to $3 per thousand. 
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The price of gas in a number of important 
cities at this time is given below: 

Mt. Mt. 

Albui7> V. T I1.M fl.Si 

Buffalo, V. T 1.0t 1.0t 

V«w Toik, V. T 1.0t 1.0t 

Boston, Mmmm. 1.0t 1.0t 

Bpiiasiold, Mmm* 1.M 1.U 

BioektoB, IUm. 1.40 1.40 

Boa FrueiMO, Ool 1.40 1.40 

Chioaco, lU 1.00 1.00 

Vow Orloans, La 1.M IM 

BaltimoTB, Md. 1.10 Lit 

IT, Col 1.U 1.00 



Cities having less than 25,000 population 
cannot afford to furnish gas for less than $1.50 
per cubic foot, unless the consumption be very 
large. 

Illuminating (Bae 

There are two fundamental ways of manu- 
facturing gas. First, by the distillation of the 
volatile portion of carbonaceous matter in closed 
retorts. Second, by the decomposition of steam 
in the presence of heat. The gas works them- 
selves being divided into two parts, the Genera- 
tive part and the Storage part. 

There are really only two forms of gas: Coal 
gas and Water gas. Some idea of the various 
systems now in use in this country for produc- 
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ing gas can be obtained from the following in- 
complete list: 

Tessie DuMotay. Wilkinson. Granger-Collins. 
Sutherland. Loomis. Boeklin. 

Moses. Fitch. McKay Critchlow. 

Meeze. Shields. Twamley. 

Springer. Van Syckle. Flannery. 

Miller. Kendall. Lowe. 

Some of these systems are obsolete, some 
present claims of questionable economy over 
others, while some produce the most important 
results known to science. It is little wonder, 
therefore, that the financier and capitalist seeks 
the advice of the engineer to report upon the 
condition and economical operation of such 
works before investing in the same. 

Coal (5a9 

This gas is made by the distillation of the 
volatile portion of bituminous coal in air tight 
retorts, which are heated and drive off the vola- 
tile gas, converting the coal into coke. This 
process takes about four hours at each heat. The 
gas driven off contains many impurities, such as 
coal tar, ammonia and sulphur, which must be 
removed and the gas cooled before it is ready 
for use. The tar settles as the gas is cooled, and 
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some of the ammonia is condensed. The sulphur 
is removed by lime or oxide of iron in the purify- 
ing boxes, while the gas is fixed by passing 
through what are known as scrubbers and con- 
densers before it enters the holder. Coal gas so 
made will not give over twenty candle power 
when burning, and must be enriched by carburet- 
ting similar to water gas, if greater candle power 
is to be obtained. 

Gas is sometimes made from oil, the oil be- 
ing placed in the retort instead of coal, the vola- 
tile matter being driven off by heat. Oil gas so 
made is of high candle power, and is often used 
to enrich both coal gas and water gas, and g^ve 
them greater brilliancy. 

Coal gas is frequently more expensive to 
make than water gas, and the repairs and main- 
tenance of the plant are much greater. The cost 
of making gas varies in different places, and ab- 
solute figures cannot be g^ven, but for good 
practice in a general way it requires about two 
hundred pounds of coal for every one thousand 
cubic feet of gas produced, and the labor of mak- 
ing the same is about 15 cents a thousand, while 
repairs and maintenance of station and purifying 
materials needed amount to about 12 cents a 
thousand. 



XKUater (5as 

Water gas is made by the decomposition of 
steam in the presence of heat. This discovery 
was made by Fontano in 1780. Such gas, how- 
ever, possesses no illuminating qualities. The 
method of carburetting this gas, to give it illu- 
minating and high heating qualities, was discov- 
ered by Lowe. 

To make water gas a generator is provided, 
having a coal or coke fire, which, by means of a 
forced draft, is raised to a temperature of about 
1,800 degrees. The draft is then turned off and 
steam forced through the fire, where it is de- 
composed, the oxygen combining with the fuel, 
forming carbonic monoxide ; this gas burns with 
a blue flame without much heat, and is given 
illuminating qualities by passing it through a 
super-heater, previously heated by the hot gases 
from the forced draft through the generator, and 
into which a spray of gas oil or naphtha is forced, 
which the heat vaporizes, and the two gases mix 
in this vaporized condition, after which it is 
passed through a scrubber, purifier and con- 
denser, where the gas is purified and cooled ready 
for service. The impurities in water gas are less 
than in coal gas. 

When oil gas is used to enrich water gas 
the use of the super-heater is not necessary. 
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A large percentage of the gas made in Ac 
United States is water gas, being about 42,000 
million cubic feet per annmn, and it is used by 
about 94 per cent, of the aggregate population 
of cities over 50,000. Its advantages are less 
plant cost, less ground required, less labor and 
less repairs, while the candle power is under con- 
troL 

Water gas plants are constructed to-day 
on a guarantee of 35 pounds of coal per thou- 
sand cubic feet of gas, while the cost of labor va- 
ries according to the amount of gas made. In 
large plants the cost of labor should not exceed 
4 cents and in small plants 8 cents per thousand 
cubic feet, respectively. The amount of oil used in 
carbtu'etting water gas is from 4 to 5 gallons per 
thousand cubic feet to produce 25 candle power 
gas, about 6 candle power per gallon of oil used. 
Where single super-heaters are used crude petro- 
leiun cannot be employed, but gas naphtha, cost- 
ing 5 and 6 cents per gallon, must be used. 

Leakage and condensation in the distributing 
pipes varies, according to the conditions, from 5 
per cent, to 20 per cent., and some cases are 
known where the leakage has exceeded this latter 
figure. While the amount of gas consumed per 
capita in cities should never be less than 1,000 
cubic feet per capita per annum, in many cities 
this runs as high as 3,000 cubic feet per capita per 
annum. 
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fuel (3a0 

The use of gas for fuel is very largely on 
the increase. Gas used for this purpose is the 
ordinary illuminating gas. Sometimes the same 
rate is charged for both fuel and illuminating 
purposes, but more frequently a lower rate is 
made for fuel purposes. Where the business of a 
gas plant is properly managed the amount sold 
for fuel purposes should nearly equal that sold 
for light. 

pro&ucer (Bae 

What is known as producer gas is largely 
used in manufacturing. This gas is made by 
blowing air, usually mixed with a little steam, 
through hot coal; it has no illimiinating power, 
and is low in heat units ; it is largely used for an- 
nealing, in the manufacture of steel, and gas en- 
gine work, where guarantees of i 1-4 pounds of 
coal per horse power per hour are given, a greater 
economy than obtainable by steam plants. 

•Watural (Bae 

Many cities enjoy the use of natural gas dis- 
tributed the same as illuminating gas; it is 
usually sold for about 30 cents per thousand 
cubic feet, and is used in furnaces, stoves, grates 
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and for illuminating purposes with mantles. 
Where used in furnaces it is regulated automatic- 
ally by a thermostat set at a temperature of 70 
degrees. Variations in temperature so affect the 
thermostat as to increase or diminish the fur- 
nace heat, causing the temperature of the house 
to remain practically constant, and it is only 
necessary to light the gas in the furnace when the 
cold weather sets in and put it out when the 
warm weather begins. In many towns through- 
out the natural gas regions the artificial gas 
works have been compelled to close 
down on account of natural gas, and 
frequently have been purchased 
by natural gas companies, who 
have used their pipes for 
distribution purposes. 
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Blectdc Xlobttno 

I HE earliest form of electric light was 
produced by Hauksbee in the days of 
Queen Anne; this was a glow light 
in a glass bulb, produced by statical 
electricity. 

In 1749 NoUet produced luminous vacuum 
globes in the same way. 

Sir Humphrey Davy produced the first arc 
light between charcoal points before the Royal 
Society in 1808, using the galvanic current. 

Pixii, of Paris, in 1832, made a magnetic dy- 
namo, and a company was formed, known as 
the Alliance Company, which built a large ma- 
chine that was installed by Faraday in the light- 
house at South Foreland, England, where an 
electric light was first used on December 8th, 
1858. It was necessary, however, to wait for the 
development of Faraday's discovery of d3mamic 
electricity to make commercial lighting possible. 

One of the first installations of arc lights in 
this country was made by Brush, who installed 
nine lights at the top of a tower at Hell Gate, 
which were put into operation on October 20th, 
1884. 
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In 1845 Star & King made incandescent 
lamps having platinum wire films in a vacuum. 

In 1848 W. £. Staite made an incandescent 
lamp, using a horseshoe film made of iridium; 
these lamps were too expensive for conmiercial 
use, and it was not until 1878 that Sawyer & 
Mann made the first successful incandescent lamp 
to use the carbonized paper film. The present 
efficiency of the incandescent lamp is due to the 
work of Edison and others. 

Systems in Tasc 

The first systems used to supply current for 
incandescent lighting were the direct current 
parallel system and the three-wire system; in 
these systems no volts and 220 volts are re- 
spectively used. It is impossible, however, to 
economically supply lights by either of these sys- 
tems over one mile from the power station. The 
Edison three wire system is used very largely in 
New York City, the current being furnished 
through underground tubes. Within the above 
limit this system is very efficient, although the 
cost of copper conductors runs into a great deal 
of money where many lamps are in service. 

As first installed arc lamps were arranged in 
constant current series circuits, many of these 
systems, such as the Brush, Schuyler, Wood and 
others, being in use to this day. Lamps used on 
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these circuits were designed to run on one pair 
of carbons for about twelve hours; the efficiency 
of this S3rstem, however, does not compare with 
the alternating system using the modem enclosed 
arc lamp, which runs about seventy hours on one 
pair of carbons; these lamps of equal candle 
power can be operated for about $10.00 per lamp 
per annum, less than the open lamp just de- 
scribed, and give a steadier and better difiFused 
Ught. 

fl>obern filectric Xigbt Station 

The modem electric light station, as built to- 
day, contains, nothing but altemaljing current ma- 
chinery; and thus installed, incandescent lights, 
arc lights and stationary motors can be supplied 
by current from one machine. It is also possible 
to furnish current for the operation of street rail- 
roads from the same machine, by using rotary 
transformers. This is not considered good prac- 
tice, as the violent changes of load caused 
by the operation of railroad cars are likely 
to cause a flickering of the lamps. The enclosed 
arc lamps referred to can be perfectly operated 
by the alternating current, either in series or 
parallel; these lamps when operating at 2,000 
candle power only require about 425 watts each 
for their operation. The alternating current 
operating with a high potential only requires a 
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small sized copper wire to distribute the same, 
and the current can be distributed over great dis- 
tances at a small expense for wire. Properly de- 
signed power stations, to furnish current for elec- 
tric light purposes, should be made to produce a 
current for about two-thirds of one cent per kilo- 
watt hour, measured in the station, when large 
generating units are employed. 

Cit^ Contracts 

The price at which 2,000 candle power arc 
lamps, burning all night, are furnished to bities 
varies in different places. Some cities have con- 
tracts with electric light companies for $75.00 per 
lamp per annum; this is too low to enable the 
company to make any money, even with the most 
improved apparatus and cheap coal; the price 
usually ranges from $90.00 to $125.00, while the 
price for incandescent lamps for street lighting 
ranges from $15.00 to $30.00 per lamp per annum. 
Many cities are lighted with arc lamps on the 
moonlight schedule of twenty-four nights per 
month, the lamps being put out at one o'clock. 
Seventy dollars per annum is a reasonable charge 
for this service. The average price for commer- 
cial arc lamps is about 30 cents per night per 
lamp. In the following table will be found the 
prices paid for arc and incandescent lamps in 
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public service in a number of cities throughout 
the United States: 

Cost P«r Cost P«r 
Are Lamp TwoondiwoBt Lamp 
P«r Anminu P«r Amianu 

GhaxlMtoB, XaM flST.TB 

Fitflktaxv, IbM. 1M.00 

LjBB, XaM. 110.96 118.50 

Lawmoe, Mmm. 00.00 M.00 

Holjoks, XaM., water power... 100.00 

Vow Bedford, Haas ULM 8t.S6 

FatMTMm, V. J 108.00 18.00 

TretttoB, V. J 08.50 

Boehester, V. Y., water power. 91.85 .... 

BiooUjii, V. Y 97.50 

Meridaa, Coim. 110.00 

Stamford, Comi 88.00 

OaUaad, GU. 106.40 

XaaaSeld, Oliio 100.00 

Alton, in 00.00 15.00 



private Contracts 

In many cities incandescent lamps are fur- 
nished under contract at so much per lamp per 
annum or per month, but this service is exceed- 
ingly unsatisfactory both to the company and to 
the public. With the meter system the consumer 
pays for what is used, and the electric light com- 
pany sells the same at a rate that insures a reason- 
able profit. The prices charged for incandescent 
lamps under contract vary from $6.00 to $12.00 
per lamp per annum, and in some cases the price 
has been found as low as $3.40 per lamp per an- 
num; no electric light company, however, can 
afford to furnish current by contract for incan- 
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descent lamps for less than $9.00 per lamp per 
at iimrpr • 

flDeter Cbarfies 

Where meters are used the maximum charge 
is usually fixed at i cent per lamp per hour; this 
price is graduated so as to decrease as the 
amount of current consumed monthly is in- 
creased, the customers agreeing to a minimimi 
charge per month, according to the size of meter 
employed. Below is given a standard of charges 
for meter service, 18 cents per thousand watts 
being charged up to a certain number of watts 
to be consumed per month, and 7 cents to be 
charged for all in excess of this amount. The 
third column gives the nimiber of watts which 
must be consumed in each month before the low 
rate commences: 

Hounat 
Minimum Hin^ Bate. Low Bate. 

Char^ Per Mo. (I80. Per M.) Cents 

6 Liffht meter fl.OO 8,600 7 

10 Liffht meter. 1.60 17,000 7 

20 Ught meter. S.S6 84,000 7 

40 Liffht meter. 4.00 68,000 7 

Incandescent lamps burning i6 candle power 
consume 52 watts per hour; it is therefore pos- 
sible to furnish current for eighteen lighted lamps 
per kilowatt capaci^ of the generator. On the 
basis of the above table of charges, assuming that 
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each lighted lamp bums five hours per day 
throughout the entire year, and the number of 
lights in daily use consume a sufficient amount of 
current to enable about half the charge to be 
based on the low rate of 7 cents, the consumer 
will pay about $9.75 per lamp per annum, which 
is about half a cent per lamp per hour. 

Where meters are installed the total number 
of lamps connected with the generator will vary 
from three to five times the number of lamps the 
generator is capable of supplying current to light, 
as the consiuners are economical of the use of the 
current and do not turn on any lamps except 
those needed. Whereas under the contract sys- 
tem the consumer pays foi' a certain number of 
lights, whether burning or not, and is therefore 
likely to keep all lights burning, not costing any 
more to do so, the result being that the electric 
light company cannot sell more lamps than the 
capacity of their station. In order to pay fixed 
charges and dividends the full load capacity of 
the station in lighted incandescent lamps should 
be made to earn not less than $4 per lamp per 
anniun. The cost of labor and fuel in the power 
station can only be stated in a general way, vary- 
ing in different places, and depending upon the 
price of coal and the efficiency of the station. It 
should not amount to more than $2.15 per lamp, 
burning 1,825 hours per annum, when the trans- 
mission lines are properly designed. This result 
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is only possible to obtain from plants installed to 
secure the greatest possible economy of operation, 
and does not include any allowance for main- 
tenance, deterioration or general expenses 
of management, but is simply the 
power station cost of generating 
the current needed for each 
lamp burning five hours 
per day per annum. 
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